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Temperature schemeAbstract This paper aims to study the effect of processing temperature on interfacial behavior of
HKT800 carbon ﬁber composites with epoxy and Bismaleimide (BMI) matrix. Referring to the pro-
cessing conditions of the composite, various processing-heat treatments were conducted on HKT800
and the extracted sizing content declines with increasing temperature. Chemical analysis shows that
the HKT800 sizing is epoxy-type and reactive at 200 C. The interfacial shear strength (IFSS) of
HKT800/epoxy and HKT800/BMI was investigated by micro-droplet method, for which the
composites were fabricated with modeling temperature schemes referring to different diffusion, cure
and post-cure stages. It shows that diffusion temperature and conversion degree of the resin both
enhance the interfacial adhesion of HKT800/epoxy composite. For the HKT800/BMI composite,
the diffusion temperature shows a insigniﬁcant effect on the IFSS. FTIR analysis indicates that
sufﬁcient reactions are achieved between HKT800-sizing and epoxy resin, however only partial reac-
tions are observed between the sizing and BMI. Moreover, the presence of the sizing can evidently
improve the wettability of HKT800 with epoxy resin but is unfavorable for HKT800 with BMI.
ª 2015 The Authors. Production and hosting by Elsevier Ltd. on behalf of CSAA & BUAA. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The carbon ﬁber-reinforced composites have been used exten-
sively in aerospace, machinery, marine and automobileindustries because of their outstanding properties such as high
speciﬁc strength and stiffness, lower density and ﬂexible
designs.1–3 Properties of composites are determined not only
by the carbon ﬁber and the resin matrix, but also by the inter-
face/interphase formed between the two constituents.4,5
Favorable interfacial adhesion can efﬁciently transfer stress
from matrix to ﬁbers, which plays a key role in determining
the mechanical performance of the composites as well as the
reliability.5–7
Since the pristine surface of carbon ﬁber is non-polar and
compound of highly crystallized graphitic basal planes, the
interfacial bonding strength between the original carbon ﬁbers
1256 A. Gao et al.and resin matrix is too low to achieve ideal mechanical prop-
erties of the composites for engineering application.8–10
Thus, numerous methods concerning surface treatments on
carbon ﬁbers have been conducted to increase the surface func-
tional groups and thus enhance the interfacial adhesion
between carbon ﬁbers and matrix.4–11 Generally, commercial
carbon ﬁbers are always coated with a thin ﬁlm of sizing agent
to improve the handleability, after electrolytic oxidation treat-
ment and water washing for instance during the manufacture
process. It was proved that the sizing agents can change the
carbon ﬁber surface properties, as well as the wettability and
chemical reactions with epoxy matrices.12–19
Since the sizing layer always exists in-between carbon ﬁber
and resin matrix in composite, it will necessarily impact
physico-chemical interactions between the carbon ﬁber and
resin,10 and subsequently interface/interphase properties of
the composite.20–22 Since numerical simulation of the inter-
phase formation showed that mutual diffusions and chemical
reactions can take place in-between carbon ﬁber and epoxy
matrix,23,24 therefore, the processing conditions may have
effect on the crosslink structures of the interphase region.
Herein, the inﬂuence of temperature cycle on the interfacial
properties is studied for HKT800 carbon ﬁber with bis-
maleimide (BMI) and epoxy (EP) resin. Firstly, the ﬁber
surface roughness and the chemical properties were studied
by Atom force microscopy (AFM) and X-ray photoelectron
spectrometry (XPS) before and after the sizing extraction.
Secondly, the interfacial strength of HKT800/EP and
HKT800/BMI was investigated using micro-droplet method,
in which the composite samples were fabricated under temper-
ature schemes with different diffusion, cure, and post-cure
stages, referring to experimental modeling of the composite
manufacture. Correspondingly, the cure degrees of the EP
and BMI matrices were tested. Moreover, chemical reactions
of the HKT800-sizing were analyzed by FTIR, as well as the
reactions between the sizing and resins. The results will help
to further our understanding of the processing optimization
regarding the interfacial properties of carbon ﬁber composites.
2. Experimental
2.1. Materials and processing
A T800 grade high-strength carbon ﬁber HKT800 B 6000-
OS11 (denoted as HKT800) was used in this study, supplied
by Jiangsu Hangke Composite Materials Technology Co.,
Ltd, China. The ﬁber was fabricated from polyacrylonitrile
precursors, with the diameter of 5.4 lm, the tensile strength
of 5709 MPa, and the elasticity modulus of 292 GPa.Table 1 Temperature schemes for EP/HKT800 and BMI/ HKT800
Composite Processing temperature condition
HKT800/EP E1: 110 C/1 h + 180 C/2 h;
E3: 110 C/1 h + 180 C/2 h + 190 C
E5: 130 C/1 h + 180 C/2 h;
E7*: 130 C/1 h + 180 C/2 h + 190 C
HKT800/BMI B1: 140 C/1 h + 170 C/2 h;
B3: 110 C/1 h + 170 C/2 h + 200 C
B5: 140 C/2 h + 170 C/2 h + 200 C
* Recommended standard cure cycles.The sizing agent of HKT800, designated as HKT800-sizing,
was obtained by acetone using Soxhlet extraction at 80 C for
24 h from about 20 m ﬁber. The sizing extract contents were
evaluated by the mass difference between the original
HKT800 and the desized-HKT800, divided by the original
ﬁber mass. Both HKT800 and the desized-HKT800 were dried
at 70 C for 5 h before mass testing. The tests were repeated
three times for each and the extracted sizing content showed
good repeatability.
Two kinds of thermosetting resins were chosen for the
matrices of composites. One was based on an allyl bisphenol.
A modiﬁed bismaleimide resin with a small amount of poly-
ether sulfone at a mass ratio of 100:3, labeled as BMI with
recommended cure temperature at 170 C, supplied by
Chinese Academy of Sciences. The other resin was a commer-
cial available Epoxy 5228, with a standard cure temperature
at 180 C, supplied by Beijing Institute of Aeronautical
Materials China. The tension strength and elasticity
modulus of epoxy 5228 are 86 MPa and 3.5 GPa, respec-
tively. In this study, processing temperatures were changed
to investigate the inﬂuence of component diffusion and
chemical reaction on the interfacial strength of HKT800/EP
and HKT800/BMI.
For EP and BMI, three-stage curing cycles were recom-
mended as standard, listed as E7* and B4* in Table 1.
Taking EP resin system for instance, the recommended cur-
ing cycle was 130 C/1 h + 180 C/2 h + 190 C/2 h (denoted
as E7* scheme), with the process sequentially dividing into
diffusion stage at 130 C for 1 h, cure stage at 180 C for
2 h, and post-cure stage at 190 C for 2 h. Referring to the
standard processing, different temperature cycles were
designed and conducted for EP/HKT800 composites.
Temperature schemes E1, E2, and E3 had the same diffusion
temperature at 110 C, but different in cure time (2 h or 3 h)
and only scheme E3 had post-cure stage. For temperature
schemes E4, E5, and E6, the diffusion temperatures were
all at 130 C, but different in cure time (i.e. 1 h, 2 h, and
3 h). For scheme E8, only one stage curing at 180 C 2 h
was chosen, without diffusion and post-cure stages. With
regard to BMI resin system, the standard curing cycle was
140 C/1 h + 170 C/2 h + 200 C/4 h (denoted as scheme
B4* in Table 1), in which 140 C, 170 C and 200 C were
set for the diffusion, the curing, and the post-curing stages,
respectively. Compared with the standard B4* cycle, scheme
B1 was designed without post-cure stage, scheme B2 with
longer cure stage but no post-cure stage, scheme B3 with
lower-temperature diffusion stage at 110 C, and scheme
B5 with longer diffusion stage. Note that the heating rate
was conducted at 10 C/min.composites.
E2: 110 C/1 h + 180 C/3 h;
/2 h; E4: 130 C/1 h + 180 C/1 h;
E6: 130 C /1 h + 180 C/3 h;
/2 h; E8: 180 C/2 h
B2: 170 C/2 h + 200 C/4 h;
/4 h; B4*: 140 C/1 h + 170 C/2 h + 200 C/4 h;
/4 h
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The ﬁber surface roughness was measured using Atom force
microscopy (Dimension Icon, Veeco) with a scanning region
of 5 lm · 5 lm. NanoScope Analysis software was utilized to
calculate the surface roughness and at least 20 valid data were
obtained for each specimen.
Chemical composition of the carbon ﬁber surface was
characterized by XPS using commercial equipment (type
ESCALab220i-XL provided by VG Scientiﬁc) with a
monochromatic Al Ka X-ray source operated at 300 W in an
evacuated chamber at 3 · 107 Pa. The binding energies were
calibrated upon C1s peak at 284.8 eV, and a seven-parameter
curve ﬁtting was conducted by taking 284.8 eV as the reference
peak using equipment speciﬁc software XPSPEAK.
Subsequently, the content of activated carbon atoms (which
was deﬁned as those in combination with O or N) was calcu-
lated according to the sub-peak integral area.
Based on the modiﬁed Wilhelmy method, the wettability
between resin and single ﬁlament of HKT800 was character-
ized by dynamic contact angle and surface/interfacial tension
instrument (type DCAT21 from Dataphysics). In accordance
with the composite processing temperature, the advancing con-
tact angle was tested at 80 C. Five monoﬁlaments were tested
at the same time with immersion speed of 0.01 mm/s, surface
detection threshold of 0.15 mg and immersion depth of
3 mm. Each was repeated more than ﬁve times.
Functional groups of the HKT800-sizing and the mixture
of HKT800-sizing and resin were analyzed using FTIR spec-
troscopy (Nicolet Nexus 470). The mixture was prepared ﬁrstly
with the aid of tetrahydrofuran to get a homogenous solution,
and then the solvent was removed by vacuum. After that, the
mixture was put in an oven to react. The reactive condition for
HKT800-sizing/EP mixture was 180 C for 2 h, and that for
HKT800-sizing/BMI mixture was 170 C for 2 h. Before
FTIR test, the liquid sample was smeared on a KBr tablet,
whereas the solid sample was grinded into powder together
with KBr and then compressed into a tablet. IR spectra were
obtained in an optical range of 400–4000 cm1. The chemical
reactions were estimated by concentration changes of the func-
tional groups before and after heat-treatment. Peak of the
vibration of benzene ring was selected as the reference, thus
the relative concentration of each functional group can be cal-
culated by equation:Fig. 1 Schematic diagramcx ¼ Ix
I1510
ð1Þ
where cx and Ix are the relative concentration and the peak
intensity of x group respectively, and I1510 is the peak intensity
of benzene ring at 1510 cm1. The reactive functional groups
in the BMI and EP systems were considered, such as epoxide
at 915 cm1, ‚CAH at 3099 cm1, amide NAH at
3370 cm1 and 3283 cm1, AOH at 3421–3440 cm1, and the
stretching vibration of AOA at 1043 cm1.
Interfacial shear strength (IFSS) of HKT800/BMI and
HKT800/EP was tested by micro-droplet on Model HM410
device with moving speed of 0.03 mm/min at the sensitivity
of 9.8 · 105 N, supplied by Japan’s East Wing Industrial
Co., Ltd. At ﬁrst the HKT800 ﬁlament was manually
separated and ﬁxed on a concave mold (see Fig. 1(a)). The
resin solution was then dipped onto the ﬁlament to form a
micro-droplet with the embedded length around 30–50 lm.
The intervals between adjacent micro-droplet should be kept
appropriately. After resin cure in an oven under the designated
temperature scheme, the composite sample was removed from
the mold and glued onto a U shape mounting with the inner
size of 40 mm · 20 mm. During the micro-droplet test the kni-
ves came in contact with the solid resin droplet and the force
required to debond the droplet from the ﬁlament was recorded
(see Fig. 1(b)). Consequently, the interfacial shear strength, s,
was calculated from
s ¼ Fmax
pdl
ð2Þ
where Fmax is the maximum load, d the ﬁber diameter and l the
embedded length. At least 10 valid data were taken for each.
Differential Scanning calorimetry (DSC) was performed on
a thermal analyzer (type DSC1 from Mettler Toledo) to study
the curing behavior of BMI and EP resins, according to
advanced model free kinetics of Vyazovkin integral method.
Dynamic scanning was conducted from 25 to 350 C with
the rate of 10 C/min and nitrogen ﬂow of 40 mL/min. The
curing degree, a, was calculated as
a ¼ Ht
HT
ð3Þ
where Ht represents the calories collected at time t, and HT the
total calories of complete reactions.of micro-droplet test.
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3.1. Sizing effect on HKT800 surface properties
Since commercial carbon ﬁbers are always coated with a thin
ﬁlm of sizing agent, here the sizing content is evaluated for
HKT800, to be 1.05wt%. This value is relatively lower than
the sizing content of T300 and T700 grade carbon ﬁbers, rang-
ing from 1.10wt% to 1.40wt%.17 In order to analyze the reac-
tivity of HKT800-sizing at elevated temperature, the HKT800
tow was ﬁrstly treated at 110, 130, 150, 180 C and 200 C for
2 h, respectively. Subsequently, the sizing agent was extracted
from the surface of the heat-treated HKT800 to estimate the
change of the sizing content. The results are presented in
Fig. 2. We can see that the sizing content exhibits a decrease
tendency with increasing temperature of heat-treatment. It
decreases to 0.86wt% after 110 C treatment, and after
200 C treatment, the sizing content reduces to 0.64wt% from
the original 1.05wt% of HKT800. This should be associated
with desorption of absorbed water and impurities from the
ﬁber surface at elevated temperatures, and the additive con-
stituents may be decomposed and excluded from the sizing
layer as well.
The ﬁber morphology was probed by AFM. As illustrated
in Fig. 3, there are plentiful regular grooves at HKT800 sur-
face. The image of Fig. 3(a) suggests uniform distribution of
the sizing agent, and the surface roughness of HKT800 is
37 nm. After sizing extraction, the desized-HKT800 presentsFig. 2 Extracted sizing contents of HKT800 heat-treated at
different temperatures for 2 h.
Fig. 3 Typical AFMmany grooves and small protruding spots shown in Fig. 3(b)
with the roughness of 50 nm, which is larger than that of the
sized HKT800. The accumulation of sizing agent in the
grooves of pristine carbon ﬁbers surface induced smaller Ra
of sized HKT800. Note that, standard deviation of the rough-
ness (i.e. ±21 nm) was considerably increased after sizing
extraction, due to the exposed deep grooves and the protru-
sions. This suggests that possible reactions could have taken
place in the sizing agent, leading to incomplete removal of
the sizing from the ﬁber surface.20 After 200 C treatment,
the surface of the desized HKT800 similarly displays protru-
sions and clear grooves in Fig. 3(c) with the Ra of 46 nm.
Taking consideration of much smaller sizing extraction
content of the 200 C treated HKT800 (i.e. 0.64wt%), we
can infer that reactions might have happened in the sizing
component, and the reacted polymer-constituent is hard to
be dissolved by acetone.
FTIR was employed to analyze the chemical reactivity of
the extracted HKT800-sizing. The spectrum in Fig. 4 shows
functional groups including epoxide (915 cm1), hydroxyl
(3421 cm1), ether (1043 cm1), ACH2A at 2931 cm
1 and
1468 cm1, and CAH of para-benzene (830 cm1). This
implies that the HKT800-sizing is epoxy-type and consists of
diglycidyl ether of bisphenol A. Since the maximum decrease
of sizing content was observed for 200 C treatment, this
temperature was chosen to study the reaction of the
HKT800-sizing. The concentration changes of typical
functional groups are plotted in Fig. 5. It shows that aftersurface images.
Fig. 4 FTIR spectrum of extracted HKT800-sizing.
Fig. 5 Concentration change of typical functional groups in
sizing after treatment at 200 C for 2 h.
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ether bonds decrease, while the hydroxyl concentration signif-
icantly increases, indicating that ring-opening reaction of
epoxide group in the HKT800-sizing occurred and generated
hydroxyl groups at 200 C. However, 16% relative concentra-
tion of epoxide remains unreacted (see Fig. 5), suggesting that
only partial reaction could happen for the HKT800-sizing.
This should be ascribed to the lack of initiator component,
e.g. no amine NAH could be seen from wavenumber of
3380–3200 cm1.
To better understand chemical properties of the ﬁber sur-
face, XPS test was conducted on HKT800 and desized-
HKT800, respectively. Fig. 6 reveals the C1s spectra, andFig. 6 C1s spectra
Table 2 C1s peaks of XPS detection for ﬁber surface of HKT800 a
Sample C1(s) peaks in diﬀerent states BE (eV; area, %)
Peak 1 Peak 2 Peak 3 Peak 4
284.6 eV 285.0 eV 286.1 eV 286.6 eV
HKT800 29.01 25.83 16.22 27.7
Desized-HKT800 30.35 28.33 16.29 12.26
Peak assignment Reference ACAOH
ACACA ACAOA CAOAC
ACAHA ACANH2 Epoxidevalues of the binding energy (BE) and the percent contribution
of each curve ﬁt are listed in Table 2, in which the activated
carbon atoms are deﬁned as those in combination with O or
N, i.e. peak 3–peak 7. Table 2 shows that the content of the
activated carbon is 45.16% for HKT800 and it decreases to
41.31% after the sizing extraction. Moreover, the content of
epoxide and CAOAC‚O groups (i.e. peak 4) is 12.26% of
desized-HKT800, much lower than that 27.70% of HKT800.
This indicates that a plenty of epoxide type groups exist in
the sizing layer of HKT800, which is consistent with the infra-
red result (see Fig. 4). For the AC‚O, AC‚N groups the
content is 10.57% of the desized-HKT800 (i.e. Peak 5 in
Table 2), much higher than that of HKT800. For other groups
(i.e. Peaks 1–3 and Peak 6) the contents are only slightly differ-
ent between the desized-HKT800 and HKT800. Note that the
concentration of ACOOA and p–p* is only 0.27 for HKT800,
while it is much higher (i.e. 1.84) for the desized one. Hence,
the carbon ﬁber surface can be tailored by sizing coating and
strong interactions can probably take place between them.
3.2. Effect of processing temperature on IFSS
The interfacial shear strength of HKT800/EP and
HKT800/BMI was measured by micro-droplet test, in which
the composites were fabricated under different processing tem-
perature schemes, listed in Table 1. For the ﬁrst group (i.e.
scheme E1, E2, and E3) with similar diffusion stage at
110 C but different curing and post-curing stages, the IFSS
(Fig. 7) steadily increases from 67.9 MPa to 72.9 MPa, which
agrees well with the increasing cure degree, i.e. 72.5%,of ﬁber surface.
nd desized-HKT800.
Peak 5 Peak 6 Peak 7 Activated carbon
287.7 eV 289.4 eV 290.6 eV
0.85 0.12 0.27 45.16
10.57 0.35 1.84 41.31
‚O AC‚O AOAC‚O ACOOA
AC‚N HOAC‚O p–p*
Fig. 7 IFSS of HKT800/EP and cure degree of EP with different
processing temperatures.
1260 A. Gao et al.85.8%, and 91.4% of the EP matrix, respectively. Another
group, namely schemes E4, E5, E6, and E7*, with the same dif-
fusion stage of 130 C 1 h but different curing and post-curing
stages, correspondingly, IFSS of HKT800/EP increases from
64.2 MPa to 79.4 MPa with simultaneously increasing cure
degree of EP (from 51.1% to 95.8%) as shown in Fig. 7.
Hence, this demonstrates that the effect of the conversion
degree is more important than the inﬂuence of diffusion on
the interfacial adhesion of HKT800/EP composite.
Comparison of each pair of counterparts was conducted, with
the same cure and post-cure stages but different diffusion
temperatures, namely, E1 vs. E5, E2 vs. E6, and E3 vs. E7*,
for which the diffusion stages of E1, E2, and E3 schemes were
conducted at 110 C, while E5, E6, and E7* schemes at 130 C.
The results in Fig. 6 show that the IFSS of HKT800/EP for E1,
E2, and E3 schemes is respectively lower than those for E5, E6,
and E7* schemes (i.e. 68.3 MPa, 77.2 MPa, and 79.4 MPa).
This could be ascribed to lower diffusion temperature at
110 C (vs. 130 C) and slightly smaller cure degree of the
EP matrix.
For scheme E4 (130 C/1 h + 180 C/1 h), both the EP
conversion degree and the composite IFSS were the lowest in
Fig. 7. Interestingly, for the processing scheme E1
(110 C/1 h + 180 C/2 h), E5 (130 C/1 h + 180 C/2 h), and
E8 (180 C/2 h), the composite presented almost similar IFSS
(68–69 MPa), regardless of the slightly different resin cure
degrees (72.5–79.4%). Former FTIR and XPS analysis demon-
strates that the sizing layer of HKT800 contains a certain
amount of epoxide group. Hence, good compatibility between
the resin and the epoxy-type HKT800-sizing could beneﬁt
molecular inter-diffusions leading to strong interfacial adhe-
sion between HKT800 and the EP resin.
The dynamic contact angles for HKT800 and desized-
HKT800 were measured with the EP resin respectively at
80 C. From Table 3 we can see that the contact angle forTable 3 Dynamic contact angles between carbon ﬁber and
liquid resin at 80 C.
Sample Dynamic contact angles()
HKT800/EP 54 ± 5
Desized-HKT800/EP 61 ± 4
HKT800/BMI 63 ± 5
Desized-HKT800/BMI 57 ± 8HKT800 is 54, while that for desized-HKT800 is 61. This rel-
atively larger contact angle of the desized-HKT800 suggests
that the existence of the epoxy-type sizing agent is favorable
for good wetting between carbon ﬁber and EP, which tends
to enhance the interfacial adhesion of the composite.
The interfacial strength of HKT800/BMI fabricated by dif-
ferent processing temperature schemes is shown in Fig. 8. It
can be seen that the IFSS of HKT800/BMI is only 35.3 MPa
for scheme B1 (140 C/1 h + 170 C/2 h) with the cure degree
of 85%. For scheme B2 without diffusion stage
(170 C/2 h + 200 C/4 h), the resin cure degree is as high as
98% but the IFSS is 76.2 MPa of HKT800/BMI, lower than
the IFSS obtained by the three-stage schemes B3, B4* and
B5. This demonstrates that the interfacial strength cannot be
heightened with the absence of the diffusion stage for
HKT800/BMI. For schemes B3, B4* and B5, the IFSS of
HKT800/BMI shows no signiﬁcant difference ranging from
80.0 MPa to 82.8 MPa. This implies that for the three-stage
processing schemes, the diffusion stage at 110 C for 1 h, or
at 140 C for 1 h or 140 C for 2 h, has only a slight inﬂuence
on the interfacial strength of HKT800/BMI when the resin
cure degree is larger than a certain extent. This behavior is
quite different from that of HKT800/EP composite, for which
the diffusion stage at 110 C or 130 C exerts a signiﬁcant
effect on the interfacial strength.
The dynamic contact angle between the carbon ﬁber and
the BMI resin was also measured at 80 C. Table 3 shows that
the contact angle is 63 for HKT800, while 57 for the desized
one. The smaller contact angle for desized-HKT800 indicates
that the presence of the sizing layer is unfavorable for good
wetting between the carbon ﬁber and the BMI resin. This is
opposite to the behavior between HKT800 and desized-
HKT800 with the EP resin. Relatively speaking, the contact
angle of HKT800/EP is much smaller than that of
HKT800/BMI, indicating good wetting between HKT800
and the EP resin. This should be ascribed to the epoxy-type siz-
ing of HKT800, proved by the above XPS analysis. Therefore,
good compatibility can be easily achieved between the sized-
carbon ﬁber and the EP resin, but it is difﬁcult for the ﬁber
with the BMI resin.
3.3. Reactions between sizing agent and resin
Chemical reactions between the sizing agent and resins were
investigated by FTIR for BMI and EP, respectively.Fig. 8 IFSS of HKT800/BMI and cure degree of BMI with
different processing schemes.
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mixture of sizing agent and EP was heated at 180 C for 2 h;
and the mixture of sizing agent and BMI was heated at
170 C for 2 h. The FTIR spectra of the HKT800-sizing/EP
and HKT800-sizing/BMI mixtures are shown in Fig. 9.
Fig. 9(a) shows that in the HKT800-sizing/EP system after
180 C treatment the absorbance peaks of amine NAH vanish
at 3370 cm1 and 3283 cm1, and those of the epoxide group
vanish at 915 cm1, meanwhile the peak of AOH increases
considerably. For the HKT800-sizing/BMI system in
Fig. 9(b), after 170 C treatment the peaks of amine N-H
decrease at 3370 cm1 and 3283 cm1, and the peak of epoxide
only declines slightly at 915 cm1.
The concentration change of the functional group was eval-
uated referring to the peak of benzene ring at 1510 cm1 for
the two resins/sizing systems. For the HKT800-sizing/EP mix-
ture, Fig. 10(a) shows that the concentrations of the amine
NAH, ‚CAH, and epoxide all reduce to zero after
processing-heat treatment. On the other hand, the concentra-
tions of the hydroxyl and ether bonds increase signiﬁcantly.
Since the HKT800-sizing is epoxy type, the vanishing of the
epoxide group strongly demonstrates the completeness of the
chemical reactions between the sizing and the EP resin.Fig. 9 FTIR spectrum of sizing
Fig. 10 Concentration changes of typiFor the HKT800-sizing/BMI system, Fig. 10(b) shows that
concentrations of the amine NAH, ‚CAH, and epoxide
all similarly decrease after process-heat treatment. However,
a certain amount of epoxide group can still be probed, indicat-
ing that the chemical reactions were incomplete in the
HKT800-sizing/BMI system. Therefore, reactions of the
HKT800-sizing and the BMI resin are relatively difﬁcult than
those with the EP resin under the experimental conditions. The
chemical reaction between HKT800-sizing and EP and good
wettability between HKT800 and EP both are favorable to
generating strong interfacial adhesion of the composite.
4. Conclusions
Systematic research has been carried out into the effect of pro-
cessing temperature on the interfacial behavior of T800 grade
carbon ﬁber (i.e. HKT800) composites with EP and BMI
matrix, respectively.
Comparing the sizing coated HKT800 with the desized-
HKT800, the AFM and XPS results show that the sizing has
an inﬂuence on the surface roughness and the chemical prop-
erties of the carbon ﬁber. Various processing-heat treatments
were conducted on HKT800 and the extracted sizing content/EP and sizing/BMI mixture.
cal functional groups (from FTIR).
1262 A. Gao et al.declines from 1.05wt% to 0.64wt% with increasing tempera-
ture. Moreover, FTIR analysis demonstrates that the extracted
HKT800-sizing contains a certain amount of epoxide group
which can react at 200 C. The contact angles between
HKT800 and resin suggest that the epoxy-type sizing is favor-
able for good wetting for the ﬁber with EP, but is adverse for
that with BMI.
The interfacial shear strength of HKT800/EP and
HKT800/BMI was investigated with the composite fabricating
under various temperature schemes with different diffusion,
cure and post-cure stages. It shows that both the diffusion tem-
perature and conversion degree of the resin can enhance the
interfacial adhesion of HKT800/EP. For the HKT800/BMI,
the effect of the diffusion temperature is not signiﬁcant on
IFSS when the resin cure degree reaches a certain extent.
FTIR indicates that sufﬁcient reactions can be achieved for
HKT800 sizing/EP mixture, but only partial for the
sizing/BMI. Therefore, the epoxy-type sizing can evidently
improve compatibility and reactive capability at the interface
of HKT800/EP, but partially beneﬁt the interfacial interac-
tions of HKT800/BMI.Acknowledgements
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